Background: Due to advances in chemotherapy and supportive care, about 83% of childhood cancer survivors aged 0-19 years will survive 5 years. More attention has been paid to understand the impact of cancer treatments on children's development, in particular with respect to late effects Taverna et al.; BJESBS, 18(4): 1-15, 2016; Article no.BJESBS.30322 2 on academic, physical and social functioning, essential for optimization of long-term outcome. Scant literature addresses the functioning of children during acute treatment, mainly focusing on childhood cancer survivors. Aims: This study was aimed at comparing the adaptive functioning in preschooler children with leukemia post 1 year of treatment and a control group of peers who had no history of serious illness. The link between medical factors and adaptive outcomes were investigated. Study Design: Case control study. 
INTRODUCTION

Children's Abilities and Adaptive Functioning during Cancer Treatments
Children with leukemia could develop some delays of important skills, such as communication, daily living skills, socialization and motor abilities. The leukemia's therapies consist of intensive chemotherapy also directed on CNS, sometimes also Total Body Irradiation (TBI) and Hematopoietic Stem Cell Transplantation (HSCT) that could damage the normal development of the child, especially during the crucial preschool years. The literature focused principally on childhood cancer survivors' sequelae because, due to advances in chemotherapy and supportive care, about 82% of them in the age group 0-14 years have shown a dramatic increase in 5-year survival [1] . For this reason, more attention has been paid to understand the impact of treatments and interventions on children's development, particularly with respect to late effects on academic, physical and social functioning, essential for optimization of long-term outcome [2] . However, research on children with cancer has primarily focused on risks of neurocognitive deficits resulting from therapies directed to the central nervous system (e.g. irradiation, repetitive neurotoxic chemotherapy, or hematopoietic stem cell transplantation) and mainly focused on childhood cancer survivors [3] . Less is known about skills or abilities that enable a person to function adequately during cancer treatments and still in the maintenance phase of the therapy. Adaptive functioning reflects application of the children's abilities in daily life at an age appropriate level, and is strictly associated with the general concept of quality of life. Adaptive behaviors encompass a number of abilities and skills that allow a person to be included in her environment like communication, daily self-care, socialization skills and motor functioning. Basic motor, language and social adaptive competencies are acquired early in life reflecting maturation in interaction with formal or incidental learning [4] . As a result of this codetermination children develop adaptive skills in relation to their context of development, and with respect to opportunities to practice and application [5] .
Short and Late Effects of Therapies
for Leukemia on Children's Development Skills
Physical and motor skills late effects
Although a range of psychosocial and adaptive late-effects has been consistently documented in survivors of pediatric brain tumours [6, 7] , scant literature addresses the functioning of children during acute treatment. Research on acute adjustment to other pediatric cancers may provide a framework for understanding the impact of tumors more specifically [8] . Intrathecal methotrexate or triple intrathecal chemotherapy (methotrexate, cytarabine, and hydrocortisone) strategy in Acute Lymphoblastic Leukemia (ALL) had a beneficial effect for neuroendocrine aspects, while neurocognitive deficits were still observed 3 or more years after diagnosis, especially during the consolidation phase paralleling to a primarily calcification in the CNS [9] .
Basic motor competencies are acquired early in life reflecting maturation in interaction with formal or incidental learning [4] . Chemotherapy could induce delayed skeletal muscle dysfunction in survivors of acute lymphoblastic leukemia [10] . In addition, pain and fatigue limit physical function [11] , with gross and fine motor problems showed in leukemia survivors still also two years after cessation of treatment [12] and with significant and persistent visual-motor problems throughout the two years of therapies. These basic processing skills are necessary for the development of higher-level cognitive abilities, including nonverbal intelligence and academic achievement, particularly in arithmetic and written language [13] .
Communication skills late effects related to academic achievement
Children's CNS therapies may affect the acquisition of new skills such as math and reading. Treatment that results in frequent and/or prolonged absence from school may be especially problematic for math learning [14] . Myelination occurring between the ages of 2-6 years coincides with a critical period of early language development [15] and white matter growth and maturation is important for cognitive growth [16] . No significant difference between children treated with intrathecal chemotherapy and controls were found when comparing change in performance scores from baseline measurement to 2 years post-baseline measurement performance scores [17] , even if in another study this type of patients showed impaired expressive language skills than controls [18] .
Social skills late effects
Children with ALL are often hospitalized for long periods because of their immunosuppressed status and because of the therapies. They are frequently forced to long periods in bed or in a restricted area (such as hospital room), where they are not allowed to meet friends or relatives. Fewer contacts with peers mean fewer opportunities to develop social skills [19] , repeated school absence and long hospitalizations may cause delays in school learning [20] and a restricted academic success [21] . In the social health domain, children with ALL reported significantly lower abilities to maintain friendship and social competence, showing, when survivors, more compromised areas towards the relationships with their best friend [22] . Social skills were primarily associated with academic functioning [23] and neurocognitive deficits, specifically problems in verbal cognitive abilities and visual-motor integration skills, were significantly associated with poor psychosocial quality of life [24] .
Illness and treatment risk factors for neurocognitive impairments
Patients that underwent the steroid therapy with dexamethasone were more at risk for neurocognitive late effects [25] , performing more poorly on two of the four measures of academic achievement (i.e., reading comprehension and arithmetic calculation).
A few longitudinal studies were conducted and addressed child development from the first year of therapies to the off therapy time point. One example is the study of Jansen et al. [26] that showed no adverse effect of illness and psychological factors on IQ and neuropsychological functioning of patients recently diagnosed with ALL. Another prospective longitudinal study [27] confirmed that also at the end of the therapies the use of chemotherapy was not linked to major cognitive impairment, especially in school achievement. The cognitive impairments in the children with leukemia can be related to the hematopoietic stem cell transplantation (HSCT) [28] with IQ and adaptive behavior scores dropped significantly during the first year, but did not change in the successive follow-ups (from 1 year to 3 years). Also attentional dysfunctions are found in survivors of childhood ALL, especially in case of intensified treatment protocols [29] .
Study Aims and Hypotheses
Findings from studies conducted during cancer treatment give disaccording results and need to be more carefully investigated. Neurocognitive deficits may not be evident in the period immediately following treatments, but may become evident later, for example with child's reentry to school. Comparing children with leukemia throughout the therapies with sane peers could be useful to identify children more at risk for developmental and adaptive delays. The present study is aimed at casting more light into the results from the scarce literature on children with leukemia during their maintenance phase of therapy, when they could partially re-entry to their daily routines life. Third, which are the best illness predictive factors that influence adaptive behavior?
Basing upon the existing literature, we expect that children with leukemia under treatment have socialization problems related both to interpersonal relationships [19, 22] and to the respect of social and community rules, particularly due to their isolation experience. We also think that children under 6 years of age can have difficulties in their motor abilities [10, 13] proportionally to their days of hospitalization and to the type of therapeutic treatment. The only study assessing adaptive functioning in children with cancer adopting the Vineland Scales, showed a significant decrease in adaptive scores during the first year after the blood stem cell transplantation [28] , so we expected HSCT to be a risk factor for a maladaptive functioning.
MATERIALS AND METHODS
Participants
One hundred and twenty-two families recruited at the Haematology-Oncologic Clinic of the Department of Child and Woman Health, University of Padua, agreed to participate to the research-clinical project entitled "Family factors predictive short and long term adaptation and quality of life in children with leukemia. A longitudinal study". The families were contacted by a clinical psychologist during the first hospitalization of their children, about one week after the diagnosis. Project aims were explained and informed consent was asked for. The parents were interviewed in a separate room of the Clinic by EFI-C [30] . A questionnaires battery was compiled throughout several established time points: second week after the diagnosis communication, 1 month later, 6 months later, 12 months later and 24 months later.
In this study the following inclusion criteria were considered: children aged from 2 to 6 years, with a diagnosis of Acute Lymphoblastic Leukemia (ALL) or Acute Myeloid Leukemia (AML); time of administration (12-months post diagnosis, when children are in the Maintenance phase of therapy; no history of neurodevelopmental disorders such as learning or sensory disabilities or other genetic syndromes.
After 12 months parents were interviewed adopting the Vineland Adaptive Behavior Scales.
From the initial sample we took into consideration only the preschooler age group (23-74 months) which were 75 at this time point. Of these, 15 gave up the study for several reasons: Deceased or in a terminal condition (N=9), center changed or dropped off (N=6 Parents' incomes were mostly average (51.2%), followed by an equally distribution between high (24.4%) and low (24.4%) for Italian norms, but above poverty. The average of job hours/weekly was mostly around 35-45 (65.1%), followed by the average of 25 (14%), and of 5-15 (9.3%), and over 50 (2.3%). There is a part of parents temporarily relieved of their work or were housewives (37.8%), a part of full time (35.6%) and part-time (22.2%) and also a percentage (4.4%) of parents that lose their job. The number of children for each family was mostly two (N = 32), followed by one (N = 13) and by three (N = 3).
Control group participants (N=48) met the following eligibility criteria: no history of lifethreatening, chronic illness or injury (for example, diabetes or severe asthma), neurodevelopmental disorders such as learning or sensory disabilities or other genetic syndromes. The control group of healthy peers consisted in those enrolled at paediatricians' ambulatories in the region of Trentino Alto Adige.
We created 48 patient-healthy peer couples with the same gender and age in months. 
Procedure
Ethics approval was obtained from the local committees. The families were contacted by a clinical psychologist during the first hospitalization of the children, about one week after the diagnosis. Project aims were explained and informed consent was asked for. Informal contacts with the participants were kept up on a daily basis, to provide support and motivation for the project. The participants were informed that they were free to drop out at any moment of the study. Each family was contacted again 12 months later, when the VABS [31, 32] was administered. The assessments were carried out at the Day Hospital or in the library of the Clinic. The psychologist remained constantly in touch with the child and the family for the duration of the study with frequent telephone contacts and direct contacts during the DH check-ups. Before the assessments, the psychologist contacted by telephone the parents to agree about the meetings. Also medical and socio-demographic information were collected.
Instruments
Vineland adaptive behaviour scales (VABS) [31,32]
Adaptive functioning was assessed with the Vineland Adaptive Behavior Scale (VABS) which is a psychometrically validated parent interview administered by a trained psychological examiner. The VABS provides norm-referenced scores on a range of adaptive behaviors at developmental levels from birth through adulthood.
The VABS are useful in assessing an individual's daily functioning throughout several domains of adaptive functioning (personal and social). They can be used as an evaluation and diagnostic tool for individuals who can have mentally delays. They can also be used to develop individual educational, rehabilitative, and treatment programs and can monitor progress during such a program. Finally, the VABS can be used in research in which the development and functioning are investigated.
The VABS Interview Edition, Expanded Form, is administered to a parent or caregiver in a semistructured interview format. It has 540 items and it yields a more comprehensive assessment of adaptive behavior giving a systematic basis for preparing individual educational, rehabilitative, or treatment programs. It is organized around four adaptive behavior domains: Communication, Daily Living Skills, Socialization, and Motor Abilities. In the Expanded Form, items are grouped in clusters, which are organized in developmental order under sub-domains that make up the domains. Administration time for the interview is around 60 minutes.
The Communication domain is comprised of three sub-domains: Receptive, Expressive, and Written Language. The Daily Living Skills scale includes the Personal, Domestic, and Community sub-domains. The Socialization scale consists of Interpersonal, Play and Leisure, and Coping Skills sub-domains. The Motor Abilities scale includes Gross and Fine motor abilities (Fig. 1) .
Studies confirming the reliability and validity of the VABS have solidified this measure as one of the most widely used assessments of adaptive behavior [33] .
Each item is rated "2" (behavior is usually or habitually performed), "1" (sometimes or partly performed), or "0" (never performed). In addition, there is a code ("N") for cases when the child has never had the opportunity to perform the activity and a code ("DK") to use when the caregiver does not know if the child performed the activity.
The manuals provide users with instructions for scoring caregiver responses. Domain and subdomain raw scores are obtained by summing the numerical values of the responses. The sum of the domain standard scores is used to obtain the composite standard score. Psychometric properties for normal population and for Expanded Form in the Italian standardization version are good, dealing with reliability [32] . 
Socio-demographic and medical data
Each parent filled in a socio-demographic questionnaire with inquiries into their highest year of schooling, their education, their perceived economic situation, their type of home situation, their romantic relationship and their type of employment.
Fine
The oncologists who followed the patients extracted the necessary data from the patient's medical records. The medical data extrapolated from the records included: date of diagnosis, type of leukemia, therapy protocol risk band (SR, MR, HR), age at diagnosis, HSCT (yes/no), toxicity effects of therapies (3rd and 4th grades).
Statistical Methods
We
A Chi-Square test was used to estimate the possible socio-demographic differences between the two samples (clinic and control) to better understand the comparability of the samples. The two groups were matched along characteristics of gender and age i Descriptive measures of central tendency and variability were computed for all relevant variables and comparisons between the two groups were run. Inferential comparisons between cancer survivors and control samples using a paired-sample t-test and controlling the effect size d were done.
Then a series of ANCOVAS were run to identify predictors of adaptive functioning domains in Fig. 2 
RESULTS AND DISCUSSION
Demographic
Comparability and Differences between Family Characteristics of Children with Leukemia and of Sane Peers
There were no significant socio-demographic differences between families of leukemia children and matched families of sane peers with respect to age and educational level of parents and to number of family members. The two samples were homogeneous both for children's characteristics (age in months and gender) and for their parents' socio-demographic leukemia post 1
Adaptive
Functioning between Children with Leukemia and Sane Peers
The parents of children with leukemia reported in their children a significantly lower level of adaptive functioning both composite (t p = .001) and in three of the four domains: Communication (t 47 = -9.37; Socialization (t 47 = -5.52; P = .001) and Motor Abilities (t 47 = -3.72; P = .001) (Fig. 2) 
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The specific subdomains in which children with leukemia obtained lower scores in their adaptive functioning were specified below. For Communication domain, the subdomains = .001) and Expression = .001). Socialization subdomains reported for children with leukemia were all significantly lower: Interpersonal relationships (t 47 = -3.73; P = .001), Play and Leisure (t 3.42; P = .001) and Coping skills (t = .01). The two Motor Abilities obtained both lower scores: Gross (t P = .002) and Fine (t 47 = -1.93; P and Fig. 3 ).
Adaptive Functioning between Children with Leukemia and Sane Peers by Age Groups
We divided the children into three age groups: [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] (Figs. 4 and 5) . A series of ANCOVA tests were run to understand the best illness predictors that favored a positive Adaptive functioning in children with leukemia post 1 year of treatment ( Table 2) .
The results showed the following at categories: children with major days of hospitalization, under high risk therapy protocol and with a major therapy-toxicities. 
Discussion
Adaptive behavior is defined as the collection of the conceptual, social, and practical skills that have been learned by children in order to function in their everyday lives. Its assessment should relate to an individual's typical performance during daily routines and changing circumstances, not to maximum performance. The following common elements are found in definitions of adaptive behavior: The developmental nature of the behaviors; common dimensions of adaptive behavior; recognition of cultural influences and situational specificity; and emphasis on performance rather than skills or ability [34] .
The adaptive behavior scales used in this study (VABS) emphasize the developmental qualities of the construct by providing age-based norms and items that cover a wide range of developmental activities such as: Cognitive, Communication and Academic Skills (i.e., conceptual skills); Social Competence Skills (i.e., social skills) and Independent Living Skills (i.e., practical skills) [35] . Some limitations in these adaptive skills may include: Not knowing how to perform the skill (acquisitions deficit); not knowing when to use learned skills (performance deficit); or other motivational factors that can affect the expression of skills (performance deficit). A child's strengths and limitations in adaptive skills should be documented within the context of community and cultural environments typical of the person's age peers [34] and this is the reason for using a control group to compare these adaptive skills.
What could happen when a child has to adapt to an important illness experience such as leukemia? Research on children with cancer has primarily focused on risks of neurocognitive deficits resulting from therapies directed to the central nervous system and mainly focused on childhood cancer survivors [3] . Less is known about skills or abilities that enable a person to function adequately during cancer treatments and still in the maintenance phase of the therapy.
In this study preschoolers that were actually under therapy for a leukemia showed important delays in their adaptive functioning and development. They were in an age stage where they have to discover the world and to reach/exceed their developmental tasks. Instead, they were limited by the illness and the chemotherapy treatments in developing a series of adaptive skills that could contribute to their personal growth. The major limitations of these children, compared with matched sane peers, were found in communication, socialization and motor skills, especially in children aged 37-48 months. At this age stage, children should discover the social world, learning the social rules, stay and play with the other peers, building the first important relationships. Paralleling, they should train their communication abilities and also motor experiences become always more complete and sophisticated. They generally begin to take confidence of their abilities. Leukemia experience probably arrest this normal development because they are forced to be isolated from peers and from siblings, they are not able to move freely and are obliged to stay mostly only with their parents and not with peers.
In the age range 49-71 months the main limitations were identified in the communication skills and in the adaptive skills composite scale. Probably, at this age the communication domain, specifically receptive and expressive functioning, become predominant and it is recognized more essential in the daily life and for the global adaptive functioning. The illness forces to isolation characterized by a lack of stimulation and interest in communication since daily experience is predominantly related to health conditions and to cancer therapies. Sometimes parents isolate their children even too much, due to the fact that children are immunosuppressed for the therapies and parents have a huge fear of possible germs infection.
The main findings of the studies on childhood cancer survivors showed that chemotherapy could induce delayed skeletal muscle dysfunction [10] , with gross and fine motor problems also two years after cessation of treatment [12] . These basic processing skills are necessary to the development of higher-level cognitive abilities, including nonverbal intelligence and academic achievement, particularly in arithmetic and written language [13] . These basic difficulties summed with isolation from their peers could lead also to less interpersonal relationships [19, 22] and impair the development of communication abilities.
Children's SNC therapies may affect the acquisition of new skills such as math and reading [14] and they can show impaired expressive language skills than controls [18] .
At this purpose, it becomes fundamental to identify children more at risk for adaptive skills delays.
The first risk factor is child's age, with children aged 37-48 months showing more delays in almost all the adaptive skills. The second factor is the number of days of hospitalization that could drastically dampen all the children's adaptive skills. Hospitalizations force children to stay at bed, limit their motor abilities and social contacts with peers or other family members, determine generally less stimulation because of their poor health conditions. The third factor is represented by the high risk therapy -with higher dosages of intrathecal chemotherapy and the presence of Hematopoietic stem cell transplantation -influencing negatively the global adaptive skills, as suggested in the studies on childhood cancer survivors [3] .
Female gender was not identified as a risk factor as suggested in some studies on cognitive dysfunction in ALL paediatric patients [29] . There is no clear pathophysiological explanation for observed gender differences, and they are not reported in survivors of other tumors [36] .
We also checked parents' symptomatology, measured by a battery of questionnaires not reported in this study, to verify if parents of children with leukemia could be a valid proxyreport or if their judgments could be influenced by their particular psychological status. Their psychological symptomatology was not related with their reports on children's adaptive functioning.
The limits of this study could be that the children were resident in a specific Italian region and are not very numerous, so that it is difficult to generalize these results. We have not any baseline measure of their adaptive skills before or close to the cancer diagnosis. However, it would have been impossible to assess the adaptive behavior prior to the illness, and, similarly, it would have been very difficult to have the parents' collaboration and their valid reports immediately after the diagnosis, when the therapies begin, as it is a very critical time.
Possible strengths of this study consist in the indepth interviews with parents of preschool patients during the maintenance phase of therapy, when the children can partially re-enter to their normal daily routines, meeting peers after the isolation and beginning primary school. This is the first study that focused specifically on adaptive skills in childhood leukemia in the preschool age and during therapies. Another strength is the use of a comparative control group of sane peers.
CONCLUSION
Parents reported lower levels of adaptive behaviour in their children under treatment for leukemia both in the composite score and in three of the four domains: Communication, Socialization and Motor Abilties. The adaptive functioning presented the following at-risk factors: age (37-48 months), higher number of days of hospitalization and higher risk therapy.
Future studies should understand better, with an ampler sample and using a multimethod approach, these lower adaptive outcomes in children with leukemia. These findings can guide specific interventions for parents and for children to fill in the potential gap in development due to therapies, such as promoting occupational therapy and socialization/educational programs during hospitalization, in occasion of day-hospital follow-ups and at school.
Some recommendations for health care providers dealing with preschool children could be given: it could be useful monitoring children's adaptive functioning throughout the therapies for leukemia and training the parents to carefully observe their children's behaviors. At this purpose it could be helpful to give specific developmental skills' kits (communication, motor and social functioning) to parents so that they could stimulate children on their specific developmental daily tasks. They could use it in the hospital in the form of play-tools under the supervision of the volunteers/educators trained by paediatric occupational therapists. Parents could also benefit feeling more useful in their parenting role, overcoming impotence related to the cancer experience and reducing the arousal of their emotional state. It is important to carry forward this project also at home and during the children's social re-entry creating a link with children's teachers and school experience.
CONSENT
All authors declare that written informed consent was obtained from the parents of the pediatric patients.
